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These results suggest that sons 
of primiparous females are  
vulnerable because their mothers 
are less able to sustain the high 
costs of rearing them. 
In polygynous species, like 
macaques, male reproductive 
output is highly skewed, 
and heavier males are at an 
advantage over smaller males 
[5,6,9,10]. In contrast, female 
macaques inherit their rank 
from their mothers [5,6], and 
differences in size among adult 
females have relatively little 
impact on reproductive success. 
If the incremental effects of 
additional investment have a 
greater impact on the growth 
and subsequent reproductive 
success of one sex than the 
other, then mothers are expected 
to direct additional resources to 
the sex that benefits most [6]. 
These tradeoffs may be muted 
in well-fed captive animals that 
are released from energetic 
constraints, but the lactation 
strategies of primiparous 
females, who are still growing 
themselves, bring these tradeoffs 
into sharp relief.
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Table 1. Summary statistics.
Milk Mean±SE Primiparous mothers Multiparous mothers Effects
S D S D Main/­Interaction
Gross Energy (kcal/­g) 1.14±0.07 0.90±0.03 1.00±0.03 0.98±0.03 sex2, sex x parity2
Fat (%) 7.7±0.75 5.3±0.4 6.5±0.4 6.2±0.3 sex2, sex x parity2
Protein (%) 2.5±0.16 2.2±0.08 2.1±0.05 2.1±0.07 sex x parity1
Sugar (%) 7.3±0.12 7.5±0.06 7.4±0.07 7.4±0.06 sex1
The table shows the raw data summary statistics for milk gross energy (kcal/­g±SE) and fat, 
protein, and sugar concentrations (%±SE) for sons (S) and daughters (D) of primiparous and 
multiparous mothers. Statistical analysis was conducted after log transformation of milk 
 variables and the results of the tests are denoted in the final column. 1p < 0.05; 2p < 0.01The heritability of 
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Sexual selection is responsible 
for the evolution of numerous 
conspicuous and extravagant 
displays observed in 
nature — from cricket choruses to 
peacock’s tails. A key assumption 
of many models of sexual 
selection is that attractive males 
father attractive sons1. However, 
while particular traits under sexual 
selection have been shown to be 
heritable [1,2], the evidence for 
the heritability of attractiveness 
per se is far less compelling [1,3]. 
This dearth of information has 
led to disagreement about the 
existence and importance of this 
fundamental link between sire 
and sons’ attractiveness [4]. Here 
we demonstrate in Drosophila 
simulans that attractive fathers 
sire attractive sons, as assumed 
by theory. 
That attractive males father 
attractive sons is assumed by 
many sexual selection models; 
both by models based on 
genetic benefits — whereby 
females gain fitness benefits 
through their offspring — and 
by models based on sexual 
conflict — whereby attractive 
males are manipulating females 
for male benefit irrespective of 
the fitness consequences for 
females. This crucial link has 
been convincingly established 
in guppies [5] and sticklebacks 
[6], but in general, there is a lack 
of evidence for this fundamental 
genetic association [1,3]. We, 
therefore, investigated the 
heritability of male attractiveness 
in Drosophila simulans using a 
full-sib/­half-sib design. Briefly, 
68 sires were each mated to 2–3 
dams (n = 185) and we assessed 
the attractiveness of a total of 
527 sons (mean per dam = 2.85). 
The sons from each dam were 
collected as virgins at emergence 
and housed together for three 
days before being placed into 
individual mating vials with a 
three day-old virgin female (one 
male and one female per vial) 
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population founded from wild-
caught females and maintained 
in large population cages since 
2004. Vials were observed 
continuously until copulation 
began, and the delay between 
the introduction of males and 
copulation, the ‘copulation 
latency’, was recorded. 
Copulation latency, a standard 
measure of female preference 
and male attractiveness in 
Drosophila [7−9], was used as 
our measure of attractiveness. 
Latency is associated with 
characteristics of courtship song, 
and females take longer to mate 
with hybrid or heterospecific 
males [7,8]. Importantly, males 
cannot force copulations while 
females can thwart male interests 
by ignoring them, walking away, 
or extruding their ovipositor; 
in addition, females must open 
their vaginal plates for copulation 
to occur [10]. Thus, copulation 
latency serves as a measure of 
preference, i.e. the propensity 
of females to mate with certain 
males [11]; females also take 
longer to mate with unattractive 
males [7,8]. The latency measure 
we employed is highly correlated 
with the delay from first courtship 
to copulation (n = 67; r = 0.63; 
p < 0.001), but is easier to 
accurately discern and measure. 
Analyses of genetic variation 
were conducted on sire and dam 
variance components estimated 
with Restricted Maximum 
Likelihood (SPSS) and G-tests 
were used to test the significance 
of the sire and dam estimates. 
We found substantial additive 
genetic variation (VA) for the 
attractiveness of sons through 
sires and also high evolvability 
(coefficient of additive genetic 
variation (CVA)) (VA = 69.7, 
CVA = 1.88). Attractiveness 
was also significantly heritable 
through sires, with a narrow-
sense heritability of 0.291 ± 0.15 
(G = 6.412; P = 0.011). The 
dam estimate was lower and 
non-significant (h2 = 0.14 ± 0.2; 
P = 0.48). However, the sire 
estimate is more accurate [12] 
as it is untainted by common 
environment and dominance 
effects. Therefore, we can 
conclude that attractiveness is heritable. The precise characters 
conferring male attractiveness 
were not the focus of this 
study, but previous reports 
suggest that larger males are 
more attractive [9,13]. However, 
in the current study a large 
sample size indicated that there 
was no significant phenotypic 
association between male size 
and attractiveness (Spearman’s 
rank correlation: n = 488;  
r = −0.03; P = 0.465). Thus, our 
finding does not seem to be 
driven by male body size, which 
is in agreement with another 
study reporting no association 
between male size and 
attractiveness [14]. Nevertheless, 
we found attractiveness was 
significantly heritable, and 
our results emphasise the 
fact that attractiveness is a 
composite trait that cannot 
be totally captured by simple 
measurements of single 
characters. That is to say, 
even if individual traits that are 
subject to sexual selection are 
heritable, this need not imply 
attractiveness in total is heritable 
and can evolve. 
We have recently shown that 
females mating with attractive 
males produce the same number 
of offspring as those mating with 
unattractive males [9]. Our results 
presented here suggest that 
females mating with attractive 
males will produce attractive 
sons. In sum, this suggests that 
mating with attractive males 
could provide a net fitness 
benefit to female D. simulans. 
This assumes that indirect costs 
are minimal, and that attractive 
males do not produce poor 
quality offspring in other regards, 
but nevertheless, our results 
contrast starkly with recent 
findings in the closely related 
fly D. melanogaster [4,15]. For 
example, a recent hemiclonal 
investigation found that males 
with high reproductive success 
did not produce more attractive 
sons [15], which is very different 
to what we find here. Regardless 
of the net fitness outcome, 
however, our finding that sexy 
fathers sire sexy sons provides 
much needed evidence for a 
critical assumption of many 
models of sexual selection.Acknowledgments
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